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© STRUCTURE OF ROTOR OF A SYNCHRONOUS MOTOR.

ty

© Variation in the torque of a synchronous motor

used in a machine tool leaves trace of machining on
the machined surface of a work, and is not desirable.

Moreover, difficulty is generally involved in mag-
netizing the magnets (14) that are stuck to the rotor

of the synchronous motor. In this invention, the mag-
nets (20, 30) have a contour of the shape of nearly a

parallelogram, and a change in the size in the

lengthwise direction (X) relative to a position in the

circumferential direction 9 is approximated to a

sinusoidal wave. Therefore, the gap between the

neighboring magnets is set to be broad, the mag-
netizing operation is facilitated, and a change in the

torque decreases. The change in the torque can be
further decreased if the gap I between the magnet
(20) and the inner periphery (50) of the stator is so

formed as to gradually increase from the central

position (P1) in the circumferential direction 9 toward

both ends.

Fig.1
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TECHNICAL FIELD

The present invention relates to a rotor struc-
ture of a synchronous motor.

BACKGROUND ART

So-called cogging torque occurs due to the
presence of the stator slots and the shape of the
magnets on the rotor. Further, torque fluctuations
occur due to the interaction between the magnetic
field produced by the stator coil during conduction
and the flux distribution, which is based on the
shape of the magnets. These Actuations in torque
pose major problems, particularly~trfmachine tools,
where, if the motor is used to drive the rotation of
the spindle or the feed mechanism, machining
traces corresponding to the torque fluctuations re-
main on the machined surface of the work, in

particular in the finishing processes.
Further, in the process of production of a rotor,

in general the magnets are magnetized after being
adhered and affixed to the rotor core, but when
there is little space between magnets, the mag-
netization work is not easy.

DISCLOSURE OF THE INVENTION

Therefore, the present invention has as its ob-
ject the provision of a rotor structure of a synchro-
nous motor which can reduce the torque fluctuation
and which facilitates magnetization work.

In consideration of the above object, the
present invention provides a rotor for a synchro-
nous motor of the type where a plurality of mag-
nets are affixed to the surface of the rotor core,
wherein the length dimension of the magnets in the
longitudinal direction of the rotor changes in a state
resembling a sine wave curve in accordance with
the circumferential position on the rotor and
wherein the gap dimension between the magnets
affixed to the rotor core and the stator is gradually
reduced the further from the center position of the
magnets in the circumferential direction of the rotor
to the two ends of the magnets.

In the synchronous motor, if the gap dimension
between the rotor and stator is the smallest at the
center position of the magnets in the circumferen-
tial direction and gradually increases in the direc-
tions of the two ends, the change in the interlin-

kage flux passing through the stator during rotation
of the rotor will become smooth and the cogging
torque will be reduced. Further, since the shape of
the magnets from a plan perspective is skewed as
in a parallelogram, the cogging torque is further
reduced. The magnets are not only substantially
parallelograms in shape, but have longitudinal di-

rection dimensions which change in a manner re-

sembling a sine wave with respect to the circum-
ferential position, so the back electromotive voltage
becomes substantially sinusoidal and the torque
fluctuations in the case of conduction of a sine

5 wave current are reduced. Further, since the mag-
nets are substantially parallelograms in shape, the
gap between adjoining magnets can be set larger
and the magnetization work becomes easy.

70 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a view explaining the shape of the
magnets seen from a plan perspective accord-
ing to the present invention;

Fig. 2 is a view showing both another shape
/s seen from a plan perspective of the magnets

according to the present invention and a con-
ventional shape;

Fig. 3 is a side view of a conventional rotor;

Fig. 4 is a traverse sectional view of a rotor
20 according to the present invention; and

Fig. 5 is an enlarged view of the surface of the
rotor shown in Fig. 4 around the magnets.

BEST MODE FOR CARRYING OUT THE INVEN-
TION

25

Below, the present invention will be explained
in further detail based on the embodiments shown
in the appended drawings. The present invention
includes the case where the rotor is at the center of

30 the motor and the case where it is as the outer
circumference of the same. Therefore, the magnets
may be affixed to the outer circumferential surface
of the rotor and affixed to the inner circumferential
surface as well.

35 Figure 3 shows a rotor 10, together with a shaft
12, to which conventionally shaped magnets 14
have been affixed by adhesion. To make the back
electromotive voltage sinusoidal, in the past the
contours of the ends 14a and 14b in the longitudi-

40 nal direction of the magnets 14, in the planar shape
of the magnets, were formed as polygons close to
sine waves. A first example of a magnet 14 laid out
on a plane is illustrated by the two-dot chain lines
of Fig. 1

.

45 However, the shape of the magnets for making
the back electromotive voltage sinusoidal in shape
does not necessarily require that the ends of the
magnets in the longitudinal direction be made
sinusoidal in shape or polygons resembling the

so same. It is all right if the length dimensions of the
magnets in the longitudinal direction X form a con-
tour shape which changes sinusoidaliy in accor-
dance with the position in the circumferential direc-
tion 9 of the rotor. Based on this concept, a magnet

55 20 having a contour shape forming a substantial
parallelogram according to the present invention is

shown by the solid line in Fig. 1. The trapezoid
BCDG forming a part of the magnet 20 having the

:DCCID: <EP 044530BA1_I_
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contour shape of the present invention and the

trapezoid H1DG forming a part of the magnet 14 of

the prior art are formed so that the top flat lengths

of the trapezoids are h2 and, as clear from the

figure, have bottom flat lengths of the same hi.

Further, the heights are both set to S1. Therefore,

the length dimensions of the two trapezoids BCDG
and HIDG in the X direction (longitudinal direction)

are the same regardless of the position of the rotor

in the circumferential direction 9. The same applies

to the relationship between the two trapezoids

EFAJ and KLAJ of the other side, so in the final

analysis the waveforms of the back electromotive

voltage become the same for the magnet 20 of the

contour shape of the present invention and the

magnet 14 of the prior art.

Looking at the gap between adjoining magnets,

in the magnets 20 of the present invention, the

distances of the sides CD and F'A' are clearly

larger than the distances of the sides HI and L'K?

of

the conventional magnet 14. That is, in a magnet
having the contour shape of the present invention,

magnetization work may be easily performed with-

out reducing the back rHootromntive voltage.

Further, as will ha understood from Fig. 1, even

if the dimension S2 of the magnets 20 in the 0

direction is made larger than shown in Fig. 1, it is

possible to set the gap between adjoining magnets

to be larger than the case of magnets of conven-

tional shapes. One example of the shape and di-

mensions of such a macne- is shown in Fig. 2(a).

Figure 2(b) shows a magnet 14 of a conventional

shape the same as that shown oy the two-dot-chain

line of Fig. 1 for puooses of comparison. h2 =

h1/10. This embodiment assumes a motor of 4.5

slots per pole with a width dimension g
1

of 0.5 slot

and a width dimension q ot substantially 1 slot in

the case of a width dimension P of 4.5 slots, a

width dimension P' of 4.0 slots, and a width dimen-

sion S1 of 1.4 slots. Finding the back electromotive

voltage in the case of use of both the magnets 30

and 14 of the two shapes and dimensions by

simulation, back electromotive voltages of substan-

tially sinusoidal forms are obtained in both cases

and the magnitude o: tno back electromotive volt-

age is increased 6.3 percent in the case of the

magnet 30 compared with the case of the conven-

tional magnet 14. That is, in the magnet 30 shown

in Fig. 2(a), the magnetization work becomes easier

than with the conventional magnet 14 and further a

back electromotive voltage of a substantially

sinusoidal shape and a magnitude larger than the

prior art can be obtained.

Since the magnet explained above is substan-

tially a parallelogram in the plane perspective

shape, the torque fluctuations at times of noncon-

ductance, that is, the cogging torque, is reduced

and, in turn, it is possible to reduce the torque

OCID: <EP 0445308A1_L>

fluctuations in the case of turning the rotor under

conduction. However, there are limits to the reduc-

tion of the cogging torque just by tinkering with the

plan perspective shape of the magnets. The follow-

5 ing has been done to obtain a smoother torque.

Referring to Fig. 4 and Fig. 5, a rotor having

adhered and affixed to the outer circumference* of

the rotor core 11 magnets 20 of the shape shown
in Fig. 1 (of course magnets 30 of Fig. 2 are also

io possible) is shown togther with the innder circum-

ference 50 of the stator, shown by broken lines

with the slots omitted. This embodiment shows the

case where the thickness dimension t1 of the mag-
net 20 is made constant so as to facilitate the

75 production of the magnet 20. The rotor core 1 1 is

formed in its circumferential direction with eight

arcs 18 of a radius R1, centered on the point P

offset in the radial direction from the centerline of

rotation (CL) of the rotor. The number 8 corre-

20 sponds to the eight field poles of the embodiment
illustrated and it will be clear that the present

invention is not limited to the case of the embodi-

ment The magnet 20, in outer circumferential

shape, is formed with a radius R2 = (= R1 + t)

25 based on the point P, which radius R2 is smaller

than the radius R3 of the inner circumference 50 of

the stator.

Therefore, the gap dimension I between the

magnet 20 and the stator inner circumference is

30 the smallest at the center position P1 in the cir-

cumferential direction as illustrated in Fig. 5 and

gradually increases toward the two ends P2. There-

fore, when the rotor turns, the magnetic resistance

with respect to the flux occurring from the magnets

35 serving as the field poles changes smoothly and as

a result the change of the interlinkage flux of the

stator also becomes smooth and the cogging

torque is reduced.

In the above case, the thickness t1 of the

40 magnet 20 was made constant, but when the thick-

ness is the largest at the center position and be-

comes thinner the closer to the two ends P2, the

outer shape of the rotor core 1 1 clearly may be a

circular one with a center at the center of rotation

45 CL of the rotor. Further, even in the case of a

synchronous motor of the type where the rotor is at

the outside and the stator is at the inside, various

forms where the gap between the magnet and the

stator is the smallest at the center position and

so gradually increases toward the two ends may be

easily conceived of. These all are in the scope of

the present invention.

As clear from the above explanation, according

to the present invention, the plan perspective

55 shape of the magnets and the gap dimension be-

tween the rotor and the stator gradually changes in

the circumferential direction, so the cogging torque

is reduced, and the length dimension of the mag-

3
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nets in the pian perspective shape changes
sinusoidally, so the torque fluctuations are reduced
when a sine wave current is passed. Further, since
the magnets are shaped as substantially parallel-
ograms, the magnetization work is easy and there-
fore sufficient magnetization can be performed,
contributing to generation of large torques.

LIST OF REFERENCE NUMERALS

10 rotor

14, 20, 30 magnet
50 stator inner circumference
X longitudinal direction

0 circumferential direction

Claims

of the surface portions and gradually increases
toward the two ends of the surface portions.

5

70

- A rotor structure of a synchronous motor of a
type where a plurality of magnets are affixed to
the surface of a rotor core, said rotor structure
of a synchronous motor characterized in that
the length dimension of the magnets changes
in a state resembling a sine wave curve in
accordance with the circumferential position on
the rotor, in that the contour of the magnets
forms a substantial parallelogram, and in that
the gap dimensions between the magnets fixed
to the rotor core and the stator is gradually
increased the further toward the two ends of
the magnets from the center positions of the
magnets in the circumferential direction of the
rotor.

2. A rotor structure of a synchronous motor as
set forth in claim 1 , wherein the width dimen-
sion of the magnets in the circumferential di-
rection is the same as the dimension of the
pitch of arrangement of the magnets on the
rotor.

3. A rotor structure of a synchronous motor as
set forth in claim 1, wherein the thickness of
the magnets is constant and the surface por-
tions of the rotor where the magnets are af-
fixed comprise protrusions at which the gap
dimension with the stator is smallest at the
center position in the circumferential direction
of the surface portions and gradually increases
toward the two ends of the surface portions.

1. A rotor structure of a synchronous motor as
set forth in claim 2, wherein the thickness of
the magnets is constant and the surface por-
tions of the rotor where the magnets are af-
fixed comprise protrusions at which the gap
dimension with the stator is smallest at the
center position in the circumferential direction
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